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Description 

The present invention relates to electrostatic liquid 
spraying devices. 

On the whole, such devices use a direct current 
high tension source in order to electrostatically charge 
the particles of the liquid spray. However, it is known 
from US Patent 1958406 to use a source of alternating 
potential in conjunction with an electrostatic spraying 
device but there is no explicit teaching as to the fre- 
quency employed. The general tenor of the disclosure 
implies that the frequency utilised is mains frequency, 
ie. 60 Hz in the USA. 

It is also known from UK Patent No 2128900 to pro- 
vide a lever-operated spraying device in which an atom- 
ised spray is produced from a nozzle by squeezing the 
lever. Thi6 device includes a needle electrode posi- 
tioned at or adjacent the nozzle and high voltage is 
applied to the needle electrode to ionise the spray 
emerging at the outlet of the nozzle. In one embodi- 
ment, the voltage generator is piezo-electric and the 
action of alternately squeezing and releasing the lever 
results in high voltage pulses of successive opposite 
polarity being applied to the electrode. During the 
squeezing action, spray is produced and the resulting 
droplets are charged by corona discharge from the elec- 
trode. During the release action, no spray will be pro- 
duced but the high voltage at the needle may reverse in 
polarity to produce a corona discharge which may serve 
to eliminate or modify static when the device is used in 
certain applications. 

The present invention resides in the recognition 
that certain advantages can be derived from the use of 
alternating potential sources by appropriate selection of 
the frequency of the source. 

One of the problems of using electrostatic spraying 
apparatus is to prevent the operator from experiencing 
electrical shocks which may be perceived as unpleasant 
or may expose the operator to risk. For example, where 
a direct current electrostatic spraying device which is 
wholly hand held is used (and hence where no other 
path to earth exists other than through the operator), if 
the operator is or becomes substantially isolated from 
earth (for instance, as a result of standing on a synthetic 
fibre carpet or wearing shoes having soles of insulating 
material), during spraying charge will accumulate on the 
operator and, if the operator subsequently touches an 
earthed conductor, he/she will experience an electrical 
shock. Such electrical shocks can expose the operator 
to risk either through the magnitude of the electrical dis- 
charge itself or as a result of an involuntary reaction on 
the part of the operator in response to the electrical dis- 
charge. 

According to the present invention there is provided 
an electrostatic spraying d evice comprising a nozzle, 
means for su ppjying liquid to the nozzle, and man volt- 
a ge circuitry arranged so that, in use , liquid sprayed in 
a tomised form from the_nozzle is_electrostaticallv 
charged, the high voltage circuitry providing an output 



which alternates between opposite polarities with a fre- 
quency no greater than 10 Hz so that the spray is alter- 
nately charged positively and negatively in such a way 
as to effect shock suppression by preventing build-up of 
5 charge on a person holding the device while it is spray- 
ing, a method of spraying according to claim 17 and a 
method of effecting shock suppression according to 
claim 18. 

Preferably the frequency is no greater than 3 Hz, 

w more preferably no greater than 1 Hz. 

Preferably the frequency is at least 0.05 Hz, more 
preferably at least 0.2 Hz. 

In practice, the effectiveness of the shock suppres- 
sion will be to some extent dependent on the nature of 

15 the liquid to be sprayed and the flow rate of the liquid. A 
frequency in the range of 0.2 to 3 Hz will usually cater 
for most circumstances. Frequencies less than 0.2 Hz 
may however be satisfactory provided that the resistivity 
of the liquid is not low and provided that the flow rate is 

so not high. For example, in subjective tests carried out it 
was found that using a liquid having a resistivity of about 
5 x 10 s £1 cm at a flow rate of 0.8 ml/min gave a very 
slight shock at a frequency of 0.175 Hz whereas using 
the same liquid at a flow rate of 0.3 ml/min, the fre- 

25 quency could be reduced to 0.125 Hz before a slight 
shock of subjectively the same magnitude was experi- 
enced. Similarly, using a liquid having a resistivity of 1.4 
x 1 0 7 £i cm and a flow rate of 0.3 ml/min, the frequency 
could be reduced to about 0.05 Hz before a shock of 

30 subjectively the same magnitude as that referred to 
above was experienced. 

Thus, by appropriate selection of the frequency, it is 
possible to eliminate the sensation of electrical shock by 
the operator or at least reduce the sensation to a level at 

35 which the risk of an accident as a result of an involun- 
tary reaction by the operator is reduced. 

JThe high voltage circuitry may comprise two h igh 
tensi on generators producing outputs of opposite polar - 
ity and switching means arranged to render the genera - 

40 tors effective alternately to effect charging of the liqui d, 
the frequency o f switching being no greater than the fre- 
quencies specif ieSdSme. ~ "» 

— -Alternative^rtircontemplated that the high volt- 
age circuitry may comprise a single high tension gener- 

45 ator producing a bi-polar output. 

According to a feature of the present invention there 
is provided the high voltage circuitry comprises a volt- 
age multiplying circuit having: 

so input terminal means for connection to a pulsed 
voltage source; 

output terminal means for providing an output volt- 
age which is bipolar and is a multiple of the voltage 
applied to the input terminal means; 
55 two parallel sets of serially connected capacitors 
connected between the input and output terminal 
means; 

a plurality of paired bi-directional switches intercon- 
necting the sets of capacitors in such a way that 
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each junction between successive capacitors in 
one of said sets is connected to a pair of said 
switches which couple the junction to opposite 
sides of a capacitor of the other set; and 
means for effecting alternating operation of the 5 
switches of each pair in phased relation with the 
pulsed voltage source and for cyclically varying 
such phased relation to cause the output voltage at 
the output terminal means to alternate between 
opposite polarities. io 

Preferably the device is adapted to accommodate 
one or more low power batteries which may be of the 
rechargeable type, means being provided for producing 
from the battery supply voltage a pulsed voltage for is 
application to the input terminal means of the voltage 
multiplying circuit. Means may also be provided for 
effecting a preliminary multiplication step so that the 
magnitude of the pulsed voltage applied to the voltage 
multiplying circuit is a multiple of the battery supply volt- 20 
age. 

Conveniently, the bi-directional switches are self- 
commutating, ie. when triggered into a "on" state they 
do not require the triggering signal to be maintained in 
order to remain on but will remain on until current flow 25 
through the switch ceases. 

In a preferred embodiment of the invention, the 
switches are constituted by triacs which are self-com- 
mutating devices. 

Advantageously, the triacs are of the known type 30 
which can be triggered by optical signals. 

It is preferred that a device according to the inven- 
tion is operated at a frequency somewhat lower than 10 
Hz because frequencies at the higher end of the speci- 
fied range tend to give rise to contamination problems, ss 
It would appear that at the instant of switchover, a situa- 
tion exists in which the nozzle is at for example a nega- 
tive potential and is "looking" at a receding spray cloud 
of positive polarity. In such circumstances, it would 
appear that there is a tendency for the receding positive *o 
spray to be "pulled back" towards the nozzle with the 
risk of contamination. Also as the frequency is 
increased the risk increases of collision between a 
newly issuing spray cloud of one polarity and a receding 
spray cloud of the opposite polarity, and hence the for- 45 
mation of larger, discharged particles. For these rea- 
sons, it is contemplated that optimum operation of the 
device will be at a frequency no greater than 5 Hz. 

The device may be in a form suitable to be held in 
the hand and may comprise a housing including a hand so 
grip portion, the housing mounting the nozzle and 
accommodating the high voltage circuitry and a power 
source. The hand grip portion conveniently includes a 
trigger action for turning the spray on and off. 

An embodiment of the invention will now be ss 
described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a schematic view in cross section of an 



electrostatic spray gun embodying the invention; 
Rgure 2 is a schematic diagram of the high voltage 
circuit of the gun of Rgure 1 ; 
Figure 3 is a cross section of a container for use in 
the gun of Figure 1 ; 

Rgure 4 shows one embodiment of a schematic 
voltage multiplying circuit for use in generating a bi- 
polar high voltage output; and 
Rgure 5 shows another embodiment of a sche- 
matic voltage multiplying circuit for use in generat- 
ing a bi-polar high voltage output. 

The invention may be embodied in any shape con- 
venient to the purpose to which it is to be put. The 
embodiment illustrated is in the form of a spray gun. 

The spray gun illustrated in Rgure 1 has a body 
member 2 and a hand grip 4. The body member 2 is in 
the form of an tube of insulating plastics material. The 
body member is externally threaded at its end 6 to 
receive an end cap 8, which may also be of plastics 
material selected from the same group. Alternatively the 
end cap may be of a less insulating material, for exam- 
ple Tufnol Kite brand. The end cap 8 has a central aper- 
ture 10 through which, in use, a nozzle 12 projects. 
Means, in the form of a container 14. is provided for 
delivering liquid to be sprayed to the nozzle. The nozzle 
12, which is permanently attached to the container 14, 
has a shoulder 16 which is received by a recess 18 on 
the inside of the end cap. thereby to locate the nozzle 
accurately centrally of the end cap. The container may 
be replaced by removing the end cap. 

The container is pressurised by a liquefied propel- 
lant which is separated from the liquid to be sprayed by 
a metal foil sack 19 (Figure 3). The supply of fluid to the 
nozzle 12 is switched on and off by a valve 20 with 
which a passage 22 in the nozzle communicates. As in 
the case of an aerosol can, pressing the valve 20 rela- 
tively towards the container 1 4 opens the valve allowing 
liquid to be propelled from the container by the pressu- 
rised propellant and into the passage 22 of the nozzle. 
An internal restriction in the container 14 limits the flow 
rate to a low value, e.g. 1 cc per minute and so that the 
liquid arrives at the outlet 24 of the nozzle at very low 
pressure which is not sufficient to cause any or signifi- 
cant atomisation in the case of non aqueous liquids, or 
so as to cause only poor atomisation in the case of 
aqueous liquids. The nozzle may be insulating or semi 
insulating. It is preferred that the nozzle is insulating 
being made from a material having a resistivity greater 
than 10 14 ohm cm. Examples of such materials are 
ABS, polypropylene, polyethylene, polyvinyl chloride, 
acrylic, polycarbonate, acetal. Insulating nozzles rely on 
the liquid to be sufficiently conducting that the voltage 
drop caused in use by the resistive effect of the liquid is 
not so great as to reduce the voltage at the nozzle to a 
value which spoils the quality of. or prevents, spraying. 
In cases where the liquid is has too high a resistivity, the 
nozzle may be made from a more conducting material 
so that it acts as a resistor in parallel with the resistance 
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presented by the liquid. In the extreme case of a highly 
insulating liquid, the material of the nozzle may have a 
bulk resistivity of 10 7 ohm cm. the resistivity normally 
being above this value. Ceramic materials may be made 
with such values of resistivity. The container 14 is con- 
ducting, in this example. 

In the example illustrated a single filament or liga- 
ment of liquid issues from the tip of the nozzle. In other 
examples, the nozzle may be annular or in the shape of 
a plane blade so that a plurality of ligaments of liquid 
issue therefrom. 

At the end of the body member 2 remote from the 
nozzle 2, high voltage circuitry 26 is situated in a tubular 
carriage 28. The carriage 28 is slidable in the body 
member 2 and is biased away from the end cap 8 by a 
tension spring 29. The circuitry 26 has a high voltage 
output pole 30 connected to a contact schematically 
indicated at 32 for contact with the conducting container 
14. The output pole 30 provides an alternating output, 
the frequency of which is no greater than 10 Hz. The 
other high voltage output pole is electrically common 
with a low voltage supply lead 34 and thus connected 
via a resistor 36 to a contact strip 38 on the exterior of 
the hand grip 4. The low voltage supply lead is con- 
nected to one pole of a battery 40. The other pole of the 
battery is connected to the circuitry 26 by another low 
voltage supply lead 42 via a microswitch 44. 

The valve 20 is opened, in use, by relative move- 
ment between the container 14 and the body 2, the noz- 
zle 12 remaining fixed in relation to the body. Movement 
to operate the valve is applied to the container by move- 
ment of the carriage 28. To this end, the grip 4 has a 
trigger 46 which when squeezed operates on one end of 
a lever 48 which is pivotally mounted at 50. Movement 
of the lever 48 is communicated by a link 51 to a further 
lever 52 which is pivotally mounted at one end 54. A 
central portion 56 of the lever 52 bears on the end of the 
carriage 28 remote from the container 14 so that when 
the trigger 46 is squeezed, resulting movement thereof 
is translated into movement of the carriage, and thus the 
container, towards the nozzle, so opening the valve 20. 
As this happens a linkage 58 operates the microswitch 
44 so that power is supplied to the circuitry 26. The high 
voltage output from the circuitry 26 is thus applied to the 
container and so to the liquid therein. The high voltage 
is thus conducted to the tip of the nozzle, via the liquid 
in the case of an insulating nozzle, where the electric 
field strength is sufficient to produce a charged spray. In 
the case of a semi insulating nozzle, the nozzle itself 
contributes to the conduction. 

The spray may be formed preponderantly by elec- 
trostatic forces, suitable liquids for such operation pref- 
erably having a resistivity in the range 1 x 10 5 to 5 x 10 10 
ohm cm in the case of non-aqueous liquids. In the case 
of more conducting liquids and aqueous liquid systems, 
a jet may be produced by hydraulic pressure, even in the 
absence of the high voltage, which jet breaks up into 
coarse droplets. The addition of the high voltage cre- 
ates an electric field which accelerates the jet (as in the 



case of more resistive liquids) and improves the spray 
by decreasing the droplet size and, since like charges 
repel each other, spreading the spray out into more of a 
cloud. 

5 In use the grip is held in a hand and the trigger is 
squeezed as explained above. The hand contacts the 
conducting strip 38 to provide an earth return circuit. It 
will be understood that the earth return path is optional 
but, when present, serves to provide capacitance with 
w respect to earth. The high voltage circuit is shown sche- 
matically in Figure 2. The contact strip 38 is connected 
via a person (the operator of the gun) to ground. In nor- 
mal use the current through the operator is too small to 
feel or to pose any kind of danger. The circuitry 26 corn- 
's prises a pair of high tension generators 80 connected in 
a circuit with the battery 40 and microswitch 44. Each 
generator 80 is also connected via lead 34 and a resis- 
tor 36 to the contact strip 38. The generator 80 are 
arranged so that they produce at outputs 82. 84 a dc 
20 high voltage typically of the order of 15kV of opposite 
polarity to one another and the outputs 82, 84 are con- 
nected via gating circuitry 86 to the output lead 30, the 
gating circuitry 86 being arranged to switch between the 
generator outputs 82, 84 at a rate which will provide an 
25 alternating high voltage output of frequency up to 1 0 Hz 
and ranging typically ranging between +l5kV and - 
15kV. The output lead 30 is connected to the container 
14 and so via the liquid therein to the tip of the nozzle 
12. Liquid issues from the nozzle in the form of a f Ba- 
se ment or ligament which breaks up into a spray of 
charged droplets 66. Successive spray clouds of drop- 
lets will be oppositely charged by the alternating gener- 
ators 80. The droplets are attracted to an earthed object 
68, which may be an intended or unintended target 
35 Earth may be used to complete the circuit through the 
operator. 

If, when the apparatus is being used, the operator is 
substantially isolated from earth and touches an 
earthed conductor, the use of an alternating high volt- 

40 age prevents the build-up of a charge on the operator of 
sufficient magnitude to be experienced as a shock or, if 
any shock is experienced, it will not be one which 
causes a person to react involuntarily to a significant 
extent. Also by limiting the frequency of the alternating 

45 potential so that it is no greater than 10 Hz (more pref- 
erably no greater than 3 Hz), undesirable contamination 
resulting from the "pull back" effect previously men- 
tioned can be reduced or minimised. 

In the embodiment shown in Figure 2, the high volt- 

50 age circuitry comprises two high voltage generators 
producing opposite polarity outputs. Figure 4 illustrates 
diagrammatically a bi-polar high voltage circuit which 
may form the voltage generator illustrated in Figure 1 . In 
this embodiment, the production of a bipolar high volt- 

55 age output is effected by means of modified Cockcroft- 
Walton voltage multiplier circuit. A conventional Cock- 
croft-Walton multiplier comprises two parallel sets of 
serially connected capacitors with diodes interconnect- 
ing the two sets whereby the peak value V, of an input 
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voltage to the multiplier is transformed to a unipolar out- 
put nV ( where n corresponds to the number of 
diode/capacitor stages in the multiplier. 

As shown in Figure 4, the high voltage generator 
comprises two parallel sets 100, 102 of serially con- 5 
nected capacitors C1 - C12 connected to an input volt- 
age source 104. The voltage source 104 produces a 
high frequency pulse train, typically 20 kHz with a 
square waveform and a 50% duty cycle, derived from 
the battery supply 40 using a suitable pulse generator 
such as a multivibrator. The voltage level of the pulse 
train ranges between a high level. Vj, and a low level, 
such as zero, (assuming positive logic). The level V, will 
typically be a multiple of the battery supply voltage pro- 
duced for example by an intermediate voltage multiply- 
ing circuit. 

Instead of diode interconnections as in a conven- 
tional Cockroft-Walton multiplier, the sets of capacitors 
are interconnected by triggerable bi-directional switches 
T1 - T12. The bi-directional switches T1 - T12 are 
arranged in pairs coupling each junction between the 
capacitors of one set 100 to opposite sides of a capaci- 
tor in the other set 102. The switches are controlled 
cyclically so that the switches forming each pair are in 
anti-phase relation, ie. during part of the cycle, switches 
T1, T3...Tn (where n is odd) are closed while switches 
T2, T4...Tm (where m is even) are open, and vice versa 
during the remainder of the cycle. 

Although the invention is not limited to any particu- 
lar form of bi-directional switch, as shown in Figure 4, 
the switches T1 - T12 preferably are in the form of triacs 
which are opto-electronically controllable. The switches 
may for example comprise MOC 3020 optically isolated 
triacs manufactured by Motorola which feature a gallium 
arsenide infrared emitting diode (LED) and a light acti- 
vated bi-lateral switch. In the circuit of Figure 4, the LED 
associated with each triac device is controlled by a logic 
circuit 106 in such a way that the LED's associated with 
switches Tn are energised in anti-phase relation with 
those associated with switches Tm and also in such a 
way that LED energisation is in a particular phase rela- 
tion with the input voltage pulse train produced by 
source 104. 

The logic circuit receives inputs from a control sig- 
nal source 108 and the input voltage source 104. The 
control signal produced by the source 108 comprises a 
control pulse train having a pulse repetition rate corre- 
sponding to the frequency at which the high voltage 
generator is required to operate. For example, the con- 
trol pulse train may be derived by means of suitable fre- 
quency divider circuitry (not shown) from the voltage 
input pulse train produced by the source 104. The logic 
circuit 106 comprises an exclusive OR gate 1 10 the out- 
put of which is supplied, on the one hand, direct to one 
set 1 12 of LED's (for example those associated with the 
switches Tn) and, on the other hand, via INVERTER 
1 14 to the other set 1 16 of LED's. In Figure 4, only one 
LED of each set is illustrated for simplicity. 

When the control signal produced by source 108 is 



high, the inverted output of the gate 1 10 (ie. the output 
of INVERTER 1 14) is in phase with the high frequency 
input voltage produced by the source 104 while the non- 
inverted output of gate 1 10 is in anti-phase relation with 
the input voltage. Consequently, the LED set 116 is 
energised when the input voltage is high and set 1 12 is 
energised when the input voltage is low. Thus, while the 
control signal is high, the output voltage V 0 will be a mul- 
tiple of the input voltage Vj and will have a predeter- 
mined polarity, ie. positive. 

When the control signal produced by source 108 is 
low, the inverted output and non-inverted outputs 
derived from the gate 1 10 are respectively in anti-phase 
relation and in-phase relation with the input voltage. 
Consequently, the LED set 116 is energised when the 
input voltage is low and set 1 12 is energised when the 
input voltage is high. Thus, when the control signal is 
low, the output voltage V 0 will be a multiple of the input 
voltage V, and will have the opposite polarity, ie. nega- 
tive. 

In Figure 4, for simplicity, only a limited number of 
multiplier stages are illustrated; it will be appreciated 
that, in practice, there will be a larger number required 
in order to produce the high voltages needed for electro- 
dynamic spraying. For instance, if the source 104 pro- 
duces an output voltage of 800V (derived by 
multiplication of the battery supply voltage by an inter- 
mediate voltage multiplier) then the voltage multiplier of 
Figure 4 may comprise 18 stages in order to obtain an 
output V 0 of about HkV. 

Referring now to Figure 5. an alternative bi-polar 
high voltage generator for use as the generator 26 of 
Figure 1 comprises an input dc voltage source 120 of 
several hundred volts derived from the battery supply 
voltage 40 by means of an intermediate voltage multi- 
plying circuit (not shown) comprising for example a 
relaxation oscillator, transformer and rectifying circuit. 
The dc voltage provided by the source 120 is converted 
to a high frequency alternating current, eg. 20 kHz, in a 
circuit 1 22 including an oscillator and the primary 1 24 of 
a transformer 126 thereby repeatedly reversing current 
flow through the primary. The secondary 128 of the 
transformer is centre tapped to provide an output at ter- 
minals 130, the magnitude of the output being deter- 
mined by the turns ratio of the transformer. 

A mechanical switch 132, such as a gas filled 
vibrating switch, is connected so as to alternately con- 
nect the opposite ends of the transformer secondary to 
ground at a frequency corresponding to the oscillation 
produced in the primary. Alternating operation of the 
switch 132 is controlled by a coil 134 energised by a 
control signal which is derived from the circuit 122 and 
has a frequency corresponding to the frequency at 
which current reversal in the primary takes place. The 
switch 132 is thereby caused to operate synchronously 
with the current reversal taking place in the primary and 
serves to convert the ac output of the transformer sec- 
ondary to dc at the terminals 130. The polarity of the 
output is determined by the relative phase between the 
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control signal applied to the coil 134 and the current 
supplied to the transformer primary. By changing the 
phase relation from in-phase to anti-phase (or vice 
versa), the polarity of the output seen at terminals 130 
can be reversed. Such reversal is controlled by phase 
control circuit 1 36 which is operable to shift the phase of 
the control signal applied to the coil 134 in dependence 
on a clock signal applied to an input line 138 to the 
phase control circuit 136. The clock signal is derived 
from a pulse generator 140 which is coupled to the 
oscillator of circuit 122 and has a pulse repetition rate 
corresponding to the frequency at which the voltage 
generator is required to operate. 

Thus, for example, when the clock signal is high, 
the phase control circuit 136 may be switched into a 
condition in which the control signal applied to the coil 
1 34 is in phase with the current flow through the primary 
and, when the clock signal is low, the phase control cir- 
cuit may be switched into a condition in which the con- 
trol signal is shifted 180° so as to be in in anti-phase 
relation with the current flow through the primary. In this 
way. a bipolar high voltage output is obtained at the ter- 
minals 130 which reverses polarity at a rate determined 
by the clock signal. 

Claims 

1 . An electrostatic spraying device comprising a noz- 
zle (12), means (14) for supplying liquid to the noz- 
zle, and high voltage circuitry (26) arranged so that, 
in use, liquid sprayed in atomised form from the 
nozzle (12) is electrostatically charged, the high 
voltage circuitry (26) providing an output which 
alternates between opposite polarities with a fre- 
quency no greater than 10 Hz so that the spray is 
alternately charged positively and negatively in 
such a way as to effect shock suppression by pre- 
venting build-up of charge on a person holding the 
device while it is spraying. 

2. A device as claimed in Claim 1 in which the fre- 
quency is no greater than 5 Hz. 

3. A device as claimed in Claim 1 in which the fre- 
quency is no greater than 3 Hz. 

4. A device as claimed in Claim 1 in which the fre- 
quency is no greater than 1 Hz. 

5. A device as claimed in any of Claims 1 to 4 in which 
the frequency is at least 0.05 Hz. 

6. A device as claimed in any of Claims 1 to 4 in which 
the frequency is at least 0.2 Hz. 

7. A device as claimed in any one of the preceding 
claims in a form suitable to be held in the hand. 

8. A device as claimed in Claim 7 in which the device 



comprises a housing including a hand grip portion 
(4), the housing mounting the nozzle (12) and 
accommodating the high voltage circuitry (26) and 
a power source. 

5 

9. A device as claimed in any one of the preceding 
claims in which the high voltage circuitry is 
arranged so that, in use, liquid emerging at the noz- 
zle (12) outlet is subject to an electric field suffi- 

10 ciently high to draw the liquid from the nozzle (12) in 
the form of at least one ligament which breaks up 
into charged droplets to form the spray. 

10. A device as claimed in any one of Claims 1 to 9 in 
is which the high voltage is applied to the nozzle (12). 

11. A device as claimed in Claim 10 in which the high 
voltage is applied to the nozzle (12) via the liquid 
supply to the nozzle (12). 

so 

12. A device as claimed in any one of Claims 1 to 11 
including means (38) for providing an earth return 
path from the device through the hand of an opera- 
tor holding the device. 

25 

13. A device as claimed in any one of Claims 1 to 12 in 
which the high voltage circuitry (26) comprises two 
high tension generators (80) producing outputs of 
opposite polarity and switching means arranged to 

30 render the generators (80) effective alternately to 
effect charging of the liquid. 

14. A device as claimed in any one of Claims 1 to 12 in 
which the high voltage circuitry comprises a single 

35 high tension generator producing a bi-polar output. 

15. A device as claimed in any one of Claims 1 to 12 in 
which the high voltage circuitry comprises a voltage 
multiplying circuit having: 

40 

input terminal means for connection to a pulsed 
voltage source (104); 

ouput terminal means for providing an output 
voltage (V Q ) which is bi-polar and is a multiple 
45 of the voltage (V ( ) applied to the input terminal 

means; 

two parallel sets (100,102) of serially con- 
nected capacitors (C1-C12) connected 
between the input and output terminal means; 

so a plurality of paired bi-directional switches (T1 - 

T12) interconnecting the sets of capacitors in 
such a way that each junction between succes- 
sive capacitors in one of said sets is connected 
to a pair of said switches which couple the junc- 

55 tion to opposite sides of a capacitor of the other 

set; and 

means for effecting alternating operation of the 
switches of each pair in phased relation with 
the pulsed voltage source and for cyclically var- 
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ying such phased relation to cause the output 
voltage at the output terminal means to alter- 
nate between opposite polarities. 

16. The use for spraying liquid in atomised form in a 5 
method of spraying of a device as claimed in any 2. 
one of the preceding claims. 

17. A method of spraying in which the spray is electri- 
cally charged, comprising supplying liquid to be 10 3. 
sprayed to a nozzle (12), and applying an alternat- 
ing high potential having a frequency no greater 

than 10 Hz so that liquid sprayed in atomised form 
from the nozzle (12) is alternately charged nega- 4. 
tively and positively in such a way as to effect shock is 
suppression by preventing build-up of charge on a 
person holding the device. 

5. 

18. A method of effecting shock suppression during 
operation of a hand-held electrostatic spraying 20 
device comprising a nozzle (12) and means (14) for 
supplying liquid to the nozzle for production of an ' 6. 
atomised spray wherein such operation is accom- 
panied by the application of electrical charge to an 
operator holding the device, said method compris- 25 

ing electrostatically charging the liquid by means of 7. 
high voltage circuitry providing an output which 
alternates between opposite polarities with a fre- 
quency no greater than 10 Hz so that the spray is 
alternately charged positively and negatively in 30 
such a way as to prevent build-up of charge, in use, 8. 
on the operator. 

19. A method as claimed in Claim 17 or 18 in which 
said frequency lies within the range 0.05 to 5 Hz. 35 

20. A method as claimed in Claim 17 or 18 in which 

said frequency lies within the range 0.2 to 3 Hz. 9. 

21 . A method as claimed in any one of Claims 1 6 to 1 9 *o 
comprising discharging the liquid from the nozzle in 
the form of successive spray clouds of droplets 
such that the droplets in each spray cloud are oppo- 
sitely charged with respect to the droplets in the 
immediately preceding and succeeding clouds. 45 

PatentansprOche 

1. Elektrostatische Spruhvorrichtung, die aufweist: 10. 
eine DOse (12), eine Einrichtung (14) fur die ZufOh- so 
rung der FIQssigkeit zur DOse und eine Hochspan- 
nungsschaltung (26), die so angeordnet ist, daf) 
beim Einsatz die FIQssigkeit. die in zerstflubter 11. 
Form von der DOse (12) versprQht wird, elektrosta- 
tisch aufgeladen wird, wobei die Hochspannungs- ss 
schaltung (26) einen Ausgang liefert, der zwischen 
den entgegengesetzten Polaritaten mit einer Fre- 
quenz von nicht mehr als 10 Hz wechselt, so daB 12. 
das SprChmittel abwechselnd positiv und negativ in 



soldi einer Weise aufgeladen wird. daB eine 
Schlagunterdruckung bewirkt wird, indem der Auf- 
bau einer Ladung auf einer Person verhindert wird, 
die die Vorrichtung beim Spruhen halt. 

Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, da 3 die Frequenz nicht grOBer als 5 Hz 
ist 

Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daft die Frequenz nicht grOBer als 3 Hz 
ist 

Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet. daft die Frequenz nicht grOfter als 1 Hz 
ist 

Vorrichtung nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daft die Frequenz minde- 
slens 0,05 Hz betragt 

Vorrichtung nach einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daft die Frequenz minde- 
stens 0,2 Hz betragt 

Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, daft sie in 
einer Form vorliegt, die in geeigneter Weise in der 
Hand gehalten werden kann. 

Vorrichtung nach Anspruch 7, dadurch gekenn- 
zeichnet. daft die Vorrichtung ein Gehause auf- 
weist, das einen Handgriffabschnitt (4) urrtfaSt, 
wobei das Gehause die DOse (12) halt und die 
Hochspannungsschaltung (26) und eine Strom- 
quelle aufnimmt 

Vorrichtung nach einem der vorhergehenden 
Anspruche, dadurch gekennzeichnet, da 6 die 
Hochspannungsschaltung so angeordnet ist, da 8 
beim Einsatz die FIQssigkeit, die am Ausgang der 
Duse (12) austritt, einem elektrischen Feld ausge- 
setzt wird, das ausreichend hoch ist, urn die FIQs- 
sigkeit aus der Duse (12) in der Form von 
mindestens einem Band herauszuziehen, das sich 
in die aufgeladenen TrOpfchen aufspaltet, urn das 
Spruhmittel zu bilden. 

Vorrichtung nach einem der Anspruche 1 bis 9, 
dadurch gekennzeichnet, da 6 die Hochspannung 
an die DQse (12) angelegt wird. 

Vorrichtung nach Anspruch 10, dadurch gekenn- 
zeichnet, dalB die Hochspannung an die DOse (12) 
Cber die Flussigkeitszufuhrung zur DOse (12) ange- 
legt wird. 

Vorrichtung nach einem der AnsprOche 1 bis 11, 
dadurch gekennzeichnet. daB sie eine Einrichtung 
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(38) fur das Bereitstellen eines ErdruckschluBwe- 
ges von der Vorrichtung durch die Hand eines 
Bedieners, der die Vorrichtung halt umfaBt. 

13. Vorrichtung nach einem der Anspruche 1 bis 12, 5 
dadurch gekennzeichnet, daB die Hochspannungs- 
schaltung (26) zwei Hochspannungsgeneratoren 
(80), die Ausgange von entgegengesetzter Polaritat 
erzeugen, und eine Schalteinrichtung aufweist, die 

so angeordnet ist. daB die Generatoren (80) »o 
abwechselnd wirksam werden, urn die Aufladung 
der Fiossigkeit zu bewirken. 

14. Vorrichtung nach einem der Anspruche 1 bis 12, 
dadurch gekennzeichnet, daB die Hochspannungs- ts 
schaltung einen einzelnen Hochspannungsgenera- 

tor aufweist, der einen bipolaren Ausgang erzeugt. 

15. Vorrichtung nach einem der Anspruche 1 bis 12, 
dadurch gekennzeichnet, daB die Hochspannungs- so 
schaltung einen Spannungsvervietfacherkreis auf- 
weist, der besitzt: 

Eingangsklemmen fur den AnschluB an eine 
Impulsspannungsquelle (102); 25 

AusgangsWemmen fur das Liefern einer Aus- 
gangsspannung (V Q ), die bipolar und ein Mehr- 
faches der Spannung (Vj) ist, die an die 
Eingangsklemmen angelegt wird; 30 

zwei parallels Satze (100,102) von in Reihe 
geschalteten Kbndensatoren (C1-C12), die 
zwischen den Eingangs- und AusgangsWem- 
men geschaltet sind; 35 

eine Vielzahl von paarigen bidirektionalen 
Schaltern (T1-T12), die die Satze der Konden- 
satoren so miteinander verbinden, daB jede 
Verbindungsstelle zwischen den nacheinan- 40 
deriolgenden Kondensatoren in einem der 
Satze mit einem Paar der Schalter verbunden 
wird, die die Verbindungsstelle mit den entge- 
gengesetzten Seiten eines Kondensators des 
anderen Satzes koppeln; und 45 

eine Einrichtung fur das Bewirken eines Wech- 
selbetriebesder Schalter eines jeden Paares in 
einer Phasenbeziehung mit der Impulsspan- 
nungsquelle und fur das periodische Veran- so 
dern einer derartigen Phasenbeziehung, um zu 
bewirken, daB die Ausgangsspannung an den 
AusgangsWemmen zwischen den entgegenge- 
setzten Polaritaten wechselt. 

55 

1 6. Anwendung beim VersprQhen der FIQssigkeit in zer- 
stdubter Form nach einem SprOhverfahren gekenn- 
zeichnet durch eine Vorrichtung nach einem der 
vorhergehenden Anspruche. 



1 7. SprOhverfahren, dadurch gekennzeichnet, daB das 
Spruhmrttel elektrisch aufgeladen ist, wobei es die 
Zufuhrung der zu verspruhenden FIQssigkeit zu 
einer DQse (12) und das Anlegen eines hohen 
Wechselspannungspotentials mit einer Frequenz 
von nicht mehr als 10 Hz aufweist, so daB die FIQs- 
sigkeit, die in zerstdubter Form von einer DQse (12) 
verspruht wird. abwechselnd negativ und positiv so 
aufgeladen wird, daB eine SchlagunterdrOckung 
dadurch bewirkt wird. daB der Aufbau einer Ladung 
auf einer Person, die die Vorrichtung halt, verhin- 
dert wird. 

18. Verfahren fur das Bewirken eine SchlagunterdrOk- 
kung wahrend des Betriebes einer von Hand gehal- 
tenen elektrostatischen Spruhvorrichtung, dadurch 
gekennzeichnet, daB es die eine DQse (12) und 
eine Einrichtung (14) fur das Zufuhren der FIQssig- 
keit zur Duse fur die Erzeugung eines zerstaubten 
Spruhmittels aufweist, wobei ein derartiger Vor- 
gang vom Aufbringen einer elektrischen Ladung 
auf einen Bediener, der die Vorrichtung halt, beglei- 
tet wird, und wobei das Verfahren das elektrostatj- 
sche Aufladen der FIQssigkeit mrttels der 
Hochspannungsschaltung aufweist, die einen Aus- 
gang, der zwischen den entgegengesetzten Polari- 
taten wechselt mit einer Frequenz von nicht mehr 
als 10 Hz liefert, so daB das SprOhmittel abwech- 
selnd positiv und negativ so aufgeladen wird, daB 
der Aufbau einer Ladung auf dem Bediener beim 
Einsatz verhindert wird. 

19. Verfahren nach Anspruch 17 Oder 18, dadurch 
gekennzeichnet, daB die Frequenz im Bereich von 
0,05 bis 5 Hz liegt. 

20. Verfahren nach Anspruch 17 oder 18, dadurch 
gekennzeichnet, daB die Frequenz im Bereich von 
0,2 bis 3 Hz liegt. 

21. Verfahren nach einem der Anspruche 16 bis 19, 
dadurch gekennzeichnet, daB es das Entladen der 
Flussigkeit von der Duse in der Form von aufeinan- 
derfolgenden SprQhmittelwolken aus TrOpfchen 
aufweist. so daB die TrOpfchen in jeder SprOhmittel- 
wolke mit Bezugnahme auf die TrOpfchen in den 
unmittelbar vorangehenden und nachfolgenden 
Wolken entgegengesetzt aufgeladen werden. 

Revendications 

1 . Disposrtrl de pulverisation electrostatjque compre- 
nant un ajutage (1 2), un moyen (14) pour fournir du 
liqutde a I'ajutage, et un montage de circuit & haute 
tension (26) agence de maniere que, pendant I'uti- 
lisatJon, du liquide pulverise sous fame atomisee 
sortant de I'ajutage (1 2) soit charge electrostatique- 
ment, le montage de circuit k haute tension (26) 
fournissant une sortie qui alterne entre des polari- 
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tes opposee6 avec une frequence non superieure a 
10 Hz, do sorte que le jet pulverise est alternative- 
ment charge positivement et negativement de 
maniere a assurer une suppression des chocs elec- 
triques en empechant une accumulation de charge. 5 
sur une personne tenant le dispositif pendant la pul- 
verisation. 

2. Dispositif suivarrt la revendication 1 , dans lequel la 
frequence n'est pas inferieure a 5 Hz. 10 

3. Dispositif suivarrt la revendication 1 , dans lequel la 
frequence n'est pas superieure a 3 Hz. 

4. Dispositif suivarrt la revendication 1 , dans lequel la (5 
frequence n'est pas superieure a 1 Hz. 

5. Dispositif suivant Tune quelconque des revendica- 
tions 1 a 4, dans lequel la frequence est au moins 

de 0,05 Hz. 20 

6. Dispositif suivant I'une quelconque des revendica- 
tions 1 a 4, dans lequel la frequence est au moins 
de 0.2 Hz. 

25 

7. Dispositif suivant I'une quelconque des revendica- 
tions precedentes, dans une forme appropriee pour 
etre lenue dans la main. 

8. Dispositif suivarrt la revendication 7, dans lequel le 30 
dispositif comporte un boTtier comprenant une par- 
tie formant poignee (4), le boitier portant I'ajutage 
(12) et recevant le montage de circuit a haute ten- 
sion (26) et une source de courant. 

35 

9. Dispositif suivant I'une quelconque des revendica- 
tions precedentes, dans lequel le montage de cir- 
cuit a haute tension est agenc6 de telle sorte que, 
pendant I'utilisation, du liquide sortant de I'orifice 
d'ajutage (12) soit soumis a un champ electrique 40 
suffisamment eleve pour etirer le liquide sortant de 
I'ajutage (12) sous la forme d'au moins un filet qui 

se divise en gouttelettes chargees pour former le jet 
pulverise. 

45 

10. Dispositif suivant I'une quelconque des revendica- 
tions 1 a 9, dans lequel la haute tension est appli- 
quee a I'ajutage (12). 

1 1 . Dispositif suivant la revendication 10, dans lequel la so 
haute tension est appliquee a I'ajutage (12). via I'ali- 
mentation de liquide a I'ajutage (12). 

12. Dispositif suivant I'une quelconque des revendica- 
tions 1 a 1 1 , comprenant un moyen (38) destine a 55 
fournir un chemin de retour vers la terre a partjr du 
dispositif a travers la main d'un operateur tenant le 
dispositif. 
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13. Dispositif suivant I'une quelconque des revendica- 
tions 1 a 12, dans lequel le montage de circuit a 
haute tension (26) comprend deux generateurs de 
haute tension (80) produisant des sorties de pola- 
rity opposee et un moyen de commutation propre a 
rendre les generateurs (80) actifs alternativement 
en vue d'assurer la charge du liquide. 

14. Dispositif suivant I'une quelconque des revendica- 
tions 1 a 12, dans lequel le montage de circuit a 
haute tension comprend un seul generateur de 
haute tension produisant une sortie bipolaire. 

15. Dispositif suivant I'une quelconque des revendica- 
tions 1 a 12, dans lequel le montage de circuit a 
haute tension comprend un circuit multiplicateur de 
tension comportant : 

un moyen a borne d'entree pour la connexion a -o 
une source de tension pulsee (104); 
un moyen a borne de sortie pour fournir une 
tension de sortie (V 0 ) qui est bipolaire et qui est 
un multiple de la tension (VJ appliquee au 
moyen a borne d'entree; 
deux groupes paralleles (100. 102) de conden- 
sateurs en serie (C1 - C12) connectes entre les 
moyens a bornes d'entree et de sortie; 
une pluralite de commutateurs bidirectionnels 
en paires (T1 - T12) interconnectant les grou- 
pes de condensateurs d une facon telle que 
chaque jonction entre des condensateurs suc- 
cessifs dans I'un des groupes soit reliee a une 
paire de commutateurs qui couplent la jonction 
a des cotes opposes d un condensateur de 
I'autre groupe. et 

un moyen pour effectuer le fonctionnement 
alternatif des commutateurs de chaque paire 
en phase avec la source de tension pulsee et 
pour faire varier cycliquement cette relation de 
phase afin d'amener la tension de sortie au 
moyen a borne de sortie a alterner entre des 
polarites opposees. 

16. Utilisation, pour la pulverisation d'un liquide sous 
forme atomisee, dans un procede de pulverisation, 
d'un dispositif suivant I'une quelconque des reven- 
dications precedentes. 

17. Procede de pulverisation dans lequel le jet pulve- 
rise est charge electriquement, comprenant 
I'apport de liquide a pulveriser a un ajutage (12) et 
I'application d'un haut potentJel alternatif presentant 
une frequence non superieure a 10 Hz, de telle 
sorte que du liquide pulverise sous forme atomisee 
depuis I'ajutage (12) soit alternativement charge 
negativement et positivement, de maniere a reali- 
ser une suppression de choc electrique en empe- 
chant une accumulation de charge sur une 
personne tenant le dispositif. 
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18. Procede de suppression de choc electrique pen- 
dant le fonctionnement d'un dispositif de pulverisa- 
tion electrostatique tenu en main comportant un 
ajutage (12) et un moyen (14) destine a fournir du 
liquide a lajutage pour la production d'un jet pulv6- s 
rise atomise dans lequel un tel fonctionnement est 
accompagne de I'application d'une charge electri- 
que a un operateur tenant le dispositrf, ledit pro- 
cede consistent a charger electrostatiquement le 
liquide au moyen d'un montage de circuit a haute 10 
tension fournissant une 6ortie qui alterne entre des 
polarrtes opposees avec une frequence non supe- 
rieure a 10 Hz. de sorte que le jet pulverise est 
alternativement charge positjvement et negative- 
ment, de maniere a empecher en service, une js 
accumulation de charge 6ur I'operateur. 

19. Procede suivant la revendication 17 ou 18, dans 
lequel la frequence se trouve dans le domaine de 
0.05 a 5 Hz. io 

20. Procede suivant la revendication 17 ou 18, dans 
lequel la frequence se trouve dans le domaine de 



21. Procede suivant I'une quelconque des revendica- 
tions 1 6 a 1 9, consistent a debiter I e liquide de I'aju- 
tage sous la forme de nuages pulverises successifs 
de gouttelettes, de sorte que les gouttelettes pre- 
serves dans chaque nuage pulverise soient char- 30 
gees de facon opposee, par rapport aux 
gouttelettes preserves dans les nuages immediate- 
ment precedant et suivant. 



0.2 a 3 Hz. 
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